Effects are investigated of CP symmetry violation in the decay of a scalar particle X (the Higgs boson) into two off-mass-shell Z bosons both decaying into a fermion-antifermion pair, 
It has been suggested [9, 10] that the CP properties of the Higgs boson be studied by investigation of decays into two photons, h → γγ, via measurement of the polarization characteristics of the photons. In Refs. [11] the decay to the photon and the Z boson, h → Z * γ → ff γ, has been examined while [12] studies the decay to the photon and a lepton pair, h → γl + l − . In these papers it has been shown that the "forward-backward" escape asymmetry for the final fermions carries information about the CP properties of the h boson and physics beyond the SM.
Investigation of the decay of the Higgs boson into two Z bosons with their consequent decay to fermions is another opportunity to ascertain the CP properties of h. Such a cascade decay wherein the final fermions are leptons, along with the two-photon decay channel, has allowed the determination [1] of the mass of the particle h with the highest accuracy. In Refs. [13] [14] [15] [16] theoretical distributions of the decay h → Z * 1 Z * 2 → f 1f1 f 2f2 have been studied at various values of the spin of h and in case of various CP properties of this boson. In [13] it has been reported what properties of experimental distributions testify about a particular spin and a particular CP parity of h. In [14] [15] [16] asymmetries measurement of which allows clarification of the mentioned properties of the Higgs boson are suggested and investigated.
Besides, various theories with spontaneous breaking of the conformal invariance (for example, theories of technicolor) assume the existence of one more neutral zero-spin particle which interacts with the gauge bosons -the dilaton. At present, the mass of the dilaton is not determined, but according to estimates performed in Ref. [17] , in some models the mass can exceed 10 4 GeV. Along with that, in [18] [19] [20] it has been shown that the variant in which the boson h is the dilaton is not excluded.
In order to clarify the CP properties of the particle h and the hypothetical dilaton we consider a neutral particle X with zero spin and arbitrary CP parity. We examine the decay X → Z * 1 Z * 2 → f 1f1 f 2f2 in case of the non-identical fermions, f 1 = f 2 , and study in detail the differential width of this decay with respect to the three exit angles of the fermions in the helicity frame and with respect to the invariant masses of the fermion pairs f 1f1 and f 2f2 . The most general X → Z a 2 which can be measured in experiment. We will call these ratios the helicity coefficients of the decay
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B. A differential width
The number of the decays
detected in the ATLAS experiment [2] wherein the invariant mass of the four leptons was in the interval [120 GeV, 130 GeV], is equal to 32. The number of the decays (7) detected in the CMS experiment [3] in which the four-lepton invariant mass was within [121.5 GeV, 130.5 GeV], is equal to 25. In view of the insignificant amount of data, at the present time an experimental dependence of a distribution
(Γ is the total width of the decay (1)) for any of the decays (7) is not available. Let us consider differential decay widths of (1) with respect to four and fewer variables. Integrating Eq. (5) with respect to θ 1 , θ 2 , ϕ, we obtain
It follows from Eqs. (8), (6) that the dependence of the differential width
only to the dependence on |a Z |, |b Z |, |c Z | and on cos (arg b Z − arg a Z ).
The available experimental data on properties of the particle h are close to the corresponding theoretical predictions about the SM Higgs boson (see, for example, [2] [3] [4] ). That is why a hZ ≈ 1,
where
In Fig. 2 we show the differential decay width (8) for
as a function of √ a 1 , √ a 2 in the SM for |a Z | = 1, b Z = c Z = 0 and m X = m h , where m h is the mass of the Higgs boson h. The range of √ a 1 , √ a 2 in this plot is determined by the inequalities (2) in the approximation of the massless fermions. In calculations and when plotting graphs the experimental data listed in Table I are used, and sin
, where m W is the mass of the W boson. The dependence of the differential decay width
and √ a2 in the SM for mX = m h . Let us calculate the ratio of a typical value of
da1da2 in the SM on the peaks to its typical value in an area in which √ a 1 and √ a 2 significantly differ from m Z (we will call this area "plateau"). As indicative values of √ a 1 and √ a 2 on the peaks we take (2)), and values on the "plateau" are chosen equal to
Thus, values of If m X = m h but just greater than m Z + 2m f1,2 , then √ a 1 and √ a 2 can be equal to m Z (according to (2)), and, consequently, in this case the behavior of the function
in the SM is similar to that in case m X = m h . That is why for any m X > m Z + 2 Max(m f1 , m f2 ) and for any final fermions values of the function
greater than values of this function on the "plateau", and the differential decay width has a sharp maximum when
(which is a case of a small distinction between the CP properties of the particle X and those of the SM Higgs boson) and m X > m Z + 2 Max(m f1 , m f2 ), then
has a sharp maximum when
C. Limits of applicability of the narrow-Z-width approximation
In Refs. [24] [25] [26] the accuracy of the narrow-width approximation has been studied for calculation of the total widths of various decays along with the total and differential cross sections of various processes. It is shown that in many cases (especially for processes beyond the SM) this approximation is not applicable. In this connection the question arises whether the narrow-Z-width approximation is applicable for obtaining the differential width dΓ da2 by means of integrating
da1da2 . In this subsection we find the interval of all the a 2 -values for which the approximate integration is valid.
We consider the values of m X such that m X > m Z +2 Max(m f1 , m f2 ) and the dependences of a Z (a 1 , a 2 ),
da1da2 has a sharp maximum when
. Then while calculating the differential width dΓ da2 one may use the following approximation:
where ε 1 and ε 2 are some quantities such that
One of the approximations used in Eq. (10) is the switch from the integration over an interval
be greater than or equal to 4m 
. The latter inequality restricts the interval of all the a 2 -values for which these approximations are applicable. Consequently, in order to apply them for as long an interval of a 2 -values as possible, one should use the minimal ε 2 -value at which the approximations are valid.
While obtaining (10), we also used an approximation
). The values of quantities A and m h − m 2 Z + ε 2 which are listed in Table II specify for the considered ε 2 -values the accuracy of the approximation A ≈ π and the maximal value of √ a 2 at which the narrow-Z-width approximation is applicable in case X = h. According to Table II , if ε 2 < 3m Z Γ Z , then A < 0.85π and, in view of the big difference between A and π, we will not apply the approximations (10) for such values of ε 2 . Hence we will use ε 2 = 3m Z Γ Z .
It follows from (10) that
Note that in Refs. [13, 15, 16] when plotting dependences of
which correspond to (12) have been used, but these graphs have been plotted for √ a 2 ≤ m X − m Z , despite the fact that Eq. (10) is not valid at ε 2 = 0 (see Table II) , and, therefore, the plotted dependences significantly differ from the true ones in the interval
One should note that Eq. (12) can also be derived in the narrow-Z-width approximation:
In contrast to this approximation, in a more accurate derivation (10) the delta function is not used and the conditions under which the formula (12) holds are determined. In particular, after the integration with respect to a 1 the variable a 2 has to be in the interval 4m
According to [3] ,
where σ(pp → h) is the cross section for production of h in proton-proton collisions,
, Γ h is the total width of the boson h,
, Γ hSM are the predictions of the SM for respectively
We consider the case in which functions |a
Then using approximations σ(pp → h) ≈ σ SM (pp → h), Γ h ≈ Γ hSM and Eqs. (14), (A10) (see Appendix A), we derive (within one standard deviation) the relation
While obtaining (15) we plugged the central values of m h , m Z , Γ Z listed in Table I into Eq. (A10). 
and as a function of √ a2 for the decay h → Z *
which are consistent with the constraints (16) . The sets (17) and (18) will be used for examination of further results.
It is of interest to study the distribution
Here a 
under the condition √ a 2 ∈ 2m f2 , m X − m 2 Z + ε 2 .
One can write these two formulas in the following way:
Then we deduce that dϕ...
From the measured observables O i (a 2 ) one can get constraints on the dependences of the couplings As an illustration of the behavior of these observables, in Fig. 4 we show their √ a 2 -dependence with the
hZ from the sets (17) . The observable O 2 (a 2 ) is presented for β = 90
• and α = 70
• .
As one can see, for each of the observables
for all the four sets (17) (26), (6)), and, consequently, they are equal to zero for any set from (17) . Among all the observables under consideration, O 
Since
for the decays (1) for the decay h → Z *
with quarks and/or neutrinos in the final states are greater than those for the decays (1) to leptons.
On the other hand, detection of leptons is much simpler than detection of quarks. That is why the study of each decay channel of the type (1) has advantages and disadvantages which strongly depend on experimental methods and parameters of detectors. Consequently, measurement of the observables
(a 2 ), ..., O 9 (a 2 ) for various decay channels and for various invariant masses of the fermion pair ( √ a 2 ) can help to put constraints on the XZZ couplings a
III. CONCLUSIONS
In the present paper the decay of a neutral particle X with zero spin and arbitrary CP parity into two off-mass-shell Z bosons (Z * 1 and Z * 2 ) each of which decays to a fermion-antifermion pair, i.e. the decay
, has been considered. The given decay has been examined at tree level for the non-identical fermions, f 1 = f 2 . In the approximation of the massless fermions a formula for the fully differential width has been obtained. It has been established that the narrow-Z-width approximation is applicable for finding differential decay widths of
of the pair f 2f2 lies in an interval 2m f2 , m X − m 2 Z + ε 2 . If the parameter ε 2 gets larger, the accuracy of the used approximation increases, but the interval in which the approximation is valid reduces. As an optimal value of ε 2 we have chosen ε 2 = 3m Z Γ Z .
In the narrow-Z-width approximation, but without the neglect of Γ Z in the propagator of Z * 2 , a formula for the total width of the decay (1) and the total width of h → Z * 1 Z * 2 have been derived. The former formula is valid in case f 1 = f 2 as well. Note that in Ref. [21] within the framework of the SM the total width of the decay X → ZZ * → Zff has been found in the approximation Γ Z ≈ 0 in the propagator of Z * . In an analogous way one can obtain the total width of the decay (1) in the SM after the neglect of Γ Z in the propagator of Z * 2 , however the formula (A2), derived in the present paper, is more general and more precise.
Using the CMS data [3] , we have found constraints on couplings a (1,2) 1
and O 9 (a 2 ) for the decays (1) where f 1 and/or f 2 is a quark or a neutrino are greater than those for the processes in which the fermions are leptons. At the same time, the processes with the leptons are much more convenient from the experimental point of view.
Thus, measurement of the observables O
(1,2) 1 (a 2 ), ..., O 9 (a 2 ) for the decays (1) can help to clarify the CP properties of the particle X and the structure of the amplitude of the decay
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Appendix A: Calculation of the total widths of the decays
In this Appendix we calculate the total width of the decay
that the differential width
da1da2 has a sharp maximum when Analogously to the derivation of Eq. (10), we find that
Let us consider the case wherein |a
Having exactly calculated the integral in Eq. (A1) with allowance for Eqs. (11) and (6), and using the approximation m f2 ≈ 0, we obtain:
is used as the argument of z. From (A8) it follows that arg ′ z ∈ (−π, π]. Note that we have already used
at that point the distinction between arg z and arg ′ z was irrelevant.
Calculating the integral over a 2 in Eq. (A1), one finds an antiderivative of f (m 2 Z , a 2 ) on the interval
In this antiderivative the function arg u 1 (a 2 ) naturally appears, where u 1 (a 2 ) is a complex-valued dimensionless function such that
does not emerge in place of arg u 1 (a 2 ) since, according to (A8), the function arg ′ z has a discontinuity on the half-line Im z = 0, Re z < 0 and thus arg ′ u 1 (a 2 ) has a discontinuity at the point
To avoid this drawback it is convenient to use arg z in Eq. (A3).
Note that in case of the Higgs boson, i.e. X = h, Eq. (A3) can also be written in terms of the function arg ′ : for this one has to substitute in Eq. (A3) π − arg ... by sπ − arg ′ ..., since according to (A8) and to data of Table I 
In case of the identical fermions, f 1 = f 2 , one may neglect the interference term and then in order to obtain a formula for Γ one has to multiply the right-hand side of the relation (A2) by 
where δ f1f2 ≡ 0 (1) at f 1 = f 2 (f 1 = f 2 ).
In Ref. [21] the width of the decay h → ZZ * → Zff has been derived at tree level in the SM after the neglect of Γ Z in the propagator of Z * . Following [21] , when calculating the integral in Eq. (A1), in the expression for f (m 2 Z , a 2 ) we may also neglect Γ Z , and then we obtain the following approximate formula for Γ in the SM: 
Carrying out calculations, we find the total decay width for the sets (17), (18) 
